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Chemical Peeling by SA-PEG Remodels
Photo-damaged Skin: Suppressing p53 Expression
and Normalizing Keratinocyte Differentiation
Teruki Dainichi1, Satoshi Amano2, Yukiko Matsunaga2, Shunsuke Iriyama2, Tetsuji Hirao2, Takeshi Hariya2,
Toshihiko Hibino2, Chika Katagiri2, Motoji Takahashi2, Setsuko Ueda3 and Masutaka Furue1
Chemical peeling with salicylic acid in polyethylene glycol vehicle (SA-PEG), which specifically acts on the
stratum corneum, suppresses the development of skin tumors in UVB-irradiated hairless mice. To elucidate the
mechanism through which chemical peeling with SA-PEG suppresses skin tumor development, the effects of
chemical peeling on photodamaged keratinocytes and cornified envelopes (CEs) were evaluated in vivo. Among
UVB-irradiated hairless mice, the structural atypia and expression of p53 protein in keratinocytes induced by
UVB irradiation were intensely suppressed in the SA-PEG-treated mice 28 days after the start of weekly SA-PEG
treatments when compared to that in the control UVB-irradiated mice. Incomplete expression of filaggrin and
loricrin in keratinocytes from the control mice was also improved in keratinocytes from the SA-PEG-treated
mice. In photo-exposed human facial skin, immature CEs were replaced with mature CEs 4 weeks after
treatment with SA-PEG. Restoration of photodamaged stratum corneum by treatment with SA-PEG, which may
affect remodeling of the structural environment of the keratinocytes, involved the normalization of keratinocyte
differentiation and suppression of skin tumor development. These results suggest that the stratum corneum
plays a protective role against carcinogenesis, and provide a novel strategy for the prevention of photo-induced
skin tumors.
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INTRODUCTION
Chemical peeling is one of the most useful methods of skin
rejuvenation (Brody and Hailey, 1986; Kligman and Kligman,
1998). It improves the cosmetic appearance of skin that has
been damaged by exposure to sunlight; benign changes are
typically accompanied by wrinkled skin. Sun-damaged skin
also leads to the development of squamous cell carcinoma
and basal cell carcinoma (Fears et al., 1977; Green and
Hedinger, 1978; Forbes et al., 1982; Scotto and Fears, 1983).
Although several reagents have been used for chemical
peeling, their impact on photo-induced carcinogenesis has
not been sufficiently investigated.
Salicylic acid in polyethylene glycol vehicle (SA-PEG),
which is a recently formulated chemical peeling agent,
removes the stratum corneum without penetrating the
epidermis or producing inflammation (Imayama et al.,
2000; Isoda et al., 2001). We previously reported that
chemical peeling with SA-PEG suppresses the formation of
skin tumors in UVB-irradiated hairless mice (Dainichi et al.,
2003). However, the mechanism through which chemical
peeling suppresses tumor development was not completely
investigated. The treatment of glycolic acid, another chemi-
cal peeling reagent for the stratum corneum, also suppresses
UVB-induced skin carcinogenesis in animal model
(Hong et al., 2001). These results indicate that suppression
of carcinogenesis is a unique effect of the chemical peeling of
the stratum corneum. Alteration of p53 protein has been
detected at the early stage of skin carcinogenesis in mice and
humans (de Gruijl et al., 1993; Berg et al., 1996); salicylic
acid inhibited the activation or expression of p53 in murine
and human cells (Chernov and Stark, 1997; Jansen et al.,
1999). It is conceivable that salicylic acid directly affects
tumorigenesis of keratinocytes in the epidermis. However,
when SA-PEG is topically applied on the skin surface,
salicylic acid is retained in the stratum corneum and is
scarcely absorbed through the epidermis (Ueda et al., 2002).
The cornified envelope (CE) is a highly specialized
structure that forms beneath the plasma membrane during
the final stage of keratinocyte differentiation (Ishida-Yama-
moto and Iizuka, 1988; Hohl, 1990; Nemes and Steinert,
1999; Madison, 2003). The CE is composed of several
proteins, including involucrin, loricrin, filaggrin, and keratin
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intermediate filaments. It plays an important role not only in
the normal external barrier function of the skin but also in the
formation of the cornified epithelium. A previous study
demonstrated that barrier disruption immediately stimulates
lipid and DNA syntheses, leading to epidermal hyperplasia
(Proksch et al., 1993).
There are two distinct classes of CEs: mature and immature
CEs (Michel et al., 1988). Mature CEs are polygonal, rigid,
and found in the outermost stratum corneum. Immature CEs
are irregularly shaped, fragile, and found in the deeper layers
of the stratum corneum of healthy subjects or in the outer
layers of the stratum corneum of patients with skin disorders
such as psoriasis. The CEs in the outermost stratum corneum
of the trunk and extremities consist of mature CEs. However,
the CEs in the face, which are continuously exposed to
various types of stimuli including sunlight, are strikingly
heterogeneous and consist of both mature and immature CEs.
We previously established a method of differentiating mature
and immature CEs among the CEs obtained by noninvasive
tape stripping by characterizing their hydrophobicity and
antigenicities (Hirao et al., 2001). Upon double staining of
CEs with Nile red and fluorescein isothiocyanate-labeled
anti-involucrin, mature CEs are strongly stained by Nile red
and negatively stained by anti-involucrin. In contrast,
immature CEs are negatively stained by Nile red, but are
strongly stained by anti-involucrin.
In this paper, we report that SA-PEG treatment suppressed
p53 expression in UV-irradiated keratinocytes and affected
the expression of constituent protein of CE, filaggrin, and
loricrin, in a mouse model. Moreover, we demonstrate that
chemical peeling with SA-PEG restored immature CEs in the
human stratum corneum.
RESULTS
Treatment with SA-PEG suppresses UVB-induced histological
change and p53 expression in murine epidermis
To examine the effect of treatment with SA-PEG on photo-
damaged skin, UVB-irradiated hairless Skh/hr1 mice, a well-
established animal model of photodamaged skin (Kligman,
1989), were used in the experiments. UVB-irradiated mice
were treated with SA-PEG, and skin samples were obtained at
various time points after SA-PEG treatment for histological
studies (Figure 1). The day on which chemical peeling was
started was set as day 0. In UVB-irradiated hairless mice
that were treated with SA-PEG, the stratum corneum could
be peeled at 3 hours (data not shown), but there were no
remarkable differences in the epidermis of UVB-irradiated
mice that had or had not been treated with SA-PEG until
day 3 (Figure 1a and b). In the UVB-irradiated control mice
that were not treated with SA-PEG, the epidermis was
unevenly thickened in a mild psoriasiform pattern and was
focally spongiotic with epidermal infiltration of lymphocytes
at day 28 (Figure 1c). There was focal loss of the normally
orderly stratified arrangement of the epidermis, indicating
disruption of the basal layer. Slight cytological atypia
was observed in some keratinocytes in the epidermis of
the control mice. In brief, UVB irradiation damaged the
epidermis of the control mice. In UVB-irradiated mice
that had been treated with SA-PEG four times, at day 28,
the epidermis was not thickened and the keratinocytes in the
basal layer were regularly aligned in contrast with the
epidermis of the control mice (Figure 1d).
We evaluated the level of p53 expression in the epidermis
of these mice. In the epidermis of the control UVB-irradiated
mice, p53-positive cell clones formed clusters that occupied
the basal to middle epidermis on days 3 and 28 (Figure 1e
and g). In the UVB-irradiated mice that were treated with
SA-PEG, p53-positive cells were also detected in the middle
epidermis on day 3 (Figure 1f). However, at day 28, p53
expression was restricted to the basal layer and the p53-
positive cells did not form clusters (Figure 1h). Quantitatively,
epidermal thickness is smaller in the SA-PEG-treated mice
than in the control mice at days 3 and 28 (Figure 1j). The
percentage of p53-positive nonbasal cells in the SA-PEG-
treated mice was considerably lower than that in the control
mice at day 28 (Figure 1k). The frequency of p53-positive
basal cells per unit length of basement membrane of the
SA-PEG-treated mice was also lower than that of the control
mice at day 28 (Figure 1l). These results suggest that treatment
with SA-PEG peeling reverses the phototoxic histological
changes and inhibits p53 expression in the epidermis of the
animal model.
Expression of constituent proteins of CE in UVB-irradiated
mice treated with SA-PEG
We evaluated the expression of filaggrin and loricrin, which
are constituent proteins of CE, in UVB-irradiated mice by
immunohistochemistry. At 48 hours after SA-PEG treatment,
the level of filaggrin expression in the granular layer of the
skin of UVB-irradiated mice that were treated with SA-PEG
was comparable with that in nontreated UVB-irradiated mice
(data not shown). On day 3, filaggrin expression was
observed in a wider area of the granular layer of the skin of
the control UVB-irradiated mice than in the SA-PEG-treated
mice (Figure 2a and b). On day 28, filaggrin was unevenly
expressed in the granular layer of the skin of nontreated
UVB-irradiated mice (Figure 2c). In the SA-PEG-treated mice,
the level of filaggrin expression, which was reduced on day 3,
had recovered by day 28 and filaggrin expression was
uniformly observed over the granular layer at day 28 (Figure
2d). The expression of loricrin in the granular layer of the
skin of the SA-PEG-treated mice was more compact than that
of filaggrin, but was comparable with that in nontreated
UVB-irradiated mice at 3 days after SA-PEG treatment
(Figure 2e and f). At day 28, the pattern of loricrin expression
in the granular layer of the epidermis was irregular in the
control UVB-irradiated mice, whereas it was regular in the
SA-PEG-treated mice (Figure 2g and h). Expression of keratin
14 in the epidermis was comparable in the two groups on
days 3 and 28 (data not shown). These results suggest that SA-
PEG treatment improves the irregular expression of filaggrin
and loricrin, which are constituent proteins of CE, in the
UVB-irradiated skin of mice, and that it particularly affects
the expression of filaggrin in the early phase. Our results
suggest that SA-PEG treatment normalizes the impaired
differentiation of UVB-irradiated keratinocytes.
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Immature CEs were restored 4 weeks after treatment with
SA-PEG in human skin
CEs from the face of volunteers who were treated with
chemical peeling with SA-PEG were serially collected from
0 hour to 4 weeks after SA-PEG treatment and their maturity
was evaluated (Figure 3). Prior to SA-PEG treatment, the CEs
consisted of several involucrin-positive immature CEs and a
few Nile red-positive mature CEs (Figure 3a and c). At 1week
after SA-PEG treatment, there was no remarkable change in
the ratio of immature cornified cells to the total number
of cells. Four weeks after SA-PEG treatment, there were very
few cornified cells with immature CEs and many cornified
cells with mature CEs (Figure 3b, d, and e). These results
suggest that chemical peeling with SA-PEG eliminates
inadequate, immature cornified cells from facial skin,
which is ordinarily photo-exposed, and induces normal
cornification of keratinocytes.
DISCUSSION
We previously reported that chemical peeling with SA-PEG
suppresses skin tumor development in UVB-irradiated hairless
mice (Dainichi et al., 2003). In the present follow-up study, we
applied SA-PEG, which specifically removes the stratum
corneum, to UVB-irradiated mice, and found that this procedure
suppressed the proliferation of p53-positive cells in the skin.
This procedure obviously involves preneoplastic histological
changes. It has been reported that p53 mutations were present
in the benign precursor of squamous cell carcinoma, in actinic
keratosis, and also in the normal human skin of sun-exposed
sites (McGregor et al., 1992; Jonason et al., 1996). p53
mutation, followed by colonization of p53-positive cell clones,
is a crucial event in UV-induced multistep carcinogenesis in the
skin (Leffel, 2000; de Gruijl, 2002). This further supports the
possibility that repetitive treatment with SA-PEG could also
prevent photoaging and photo-induced skin tumors in humans.
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Figure 1. Histology of skin from mice that underwent UVB irradiation followed by weekly treatments with SA-PEG chemical peeling. SA-PEG chemical
peeling was performed on day 0, day 7, day 14, and day 21. The stratum corneum recovered its normal thickness until 3 days after the treatment of chemical
peeling. (a–d) In HE strain. D3: (a) control and (b) SA-PEG. D28: (c) control and (d) SA-PEG. (e–h) Expression of p53 protein in skin specimens from mice that
underwent UVB irradiation followed by weekly treatments with SA-PEG chemical peeling. D3: (e) control and (f) SA-PEG. D28: (g) control and (h) SA-PEG.
(i) Histology of no-UVB, no-peel skin in HE stain. (j–l) Quantitative evaluation of epidermal thickness and p53 expression in skin specimens from mice that
underwent UVB irradiation followed by weekly treatments with SA-PEG chemical peeling. SA-PEG chemical peeling was performed on day 0, day 7, day 14,
and day 21. (j) Epidermal thickness. (k) Percentage of p53-positive nonbasal cells: the ratio of the number of p53-positive nonbasal cells to the number of all
p53-positive cells. (l) p53-positive basal cells/mm. Number of p53-positive basal cells per mm of basement membrane other than adnexal epithelia. NT, no
treatment with SA-PEG; SA, SA-PEG.
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The present study showed that treatment with SA-PEG
induces the recovery of mature CEs. UV irradiation directly
affects keratinocytes by inducing a deficiency in mature CEs
followed by barrier disruption (Meguro et al., 2000; Cabral
et al., 2001; Takagi et al., 2004). Our previous study
demonstrated that several immature CEs are present in
sunlight-exposed skin (Hirao et al., 2001) and in UV-
irradiated skin in humans (unpublished data). In our previous
study in mice, chemical peeling with SA-PEG suppressed
UVB-induced carcinogenesis (Dainichi et al., 2003). Treat-
ment of UVB-irradiated skin with SA-PEG may restore the
barrier function to UV exposure. However, it is unlikely that
chemical peeling prevents photocarcinogenesis by restoring
the barrier function to UV exposure, because treatment of SA-
PEG was started after UV irradiation was completed in our
previous and present studies. The mechanism by which
chemical peeling with SA-PEG restores CEs is unclear. It is
unlikely that SA-PEG directly acts on keratinocytes in the
basal or squamous cell layer beyond the stratum corneum
followed by modulation of the expression of components of
CEs or regulatory proteins of CEs in the keratinocytes. When
SA-PEG is applied to skin, salicylic acid remains in the
stratum corneum and is scarcely absorbed by the epidermis
or dermis in mice (Ueda et al., 2002).
If SA-PEG never comes into close contact with keratino-
cytes in the spinous or basal layer, what is the mechanism
through which chemical peeling with SA-PEG suppresses skin
tumor development? We demonstrated that, when UV-
irradiated skin is treated with SA-PEG, keratinocytes recover
their original levels of expression of filaggrin and loricrin; this
result indicates that chemical peeling normalizes keratiniza-
tion, that is, differentiation of the keratinocytes. It has been
shown that involucrin synthesis in keratinocytes is controlled
by changes in cell shape (Watt et al., 1988). Chemical
peeling must modify a mechanical burden on keratinocytes
in the epithelium associated with removal of the stratum
corneum, and this is the only probable mechanism that can
explain how treatment with SA-PEG restores the ability of
keratinocytes in UV-exposed skin to undergo normal
differentiation. The stratum corneum functions as a barrier
to physical and chemical burdens and to infectious agents
(Nemes and Steinert, 1999; Madison, 2003). It is also
conceivable that a normal stratum corneum composed of
mature CEs is essential for maintaining homeostasis between
proliferation and differentiation of keratinocytes in the
epidermis. Therefore, we hypothesize a structural mechanism
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Figure 2. Expression of filaggrin and loricrin in the skin specimens from mice that underwent UVB irradiation followed by weekly treatments with SA-PEG
chemical peeling. SA-PEG chemical peeling was performed on day 0, day 7, day 14, and day 21. Filaggrin, day 3: (a) control and (b) SA-PEG; day 28: (c) control
and (d) SA-PEG. Loricrin, day 3: (e) control and (f) SA-PEG; day 28: (g) control and (h) SA-PEG.
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Figure 3. Detection of mature and immature CEs in the stratum corneum
from human volunteers. Before and after chemical peeling with SA-PEG, CEs
in the tape-stripped stratum corneum from the face of volunteers were
subjected to double staining with Nile red and fluorescein isothiocyanate-
labeled anti-involucrin. Mature CEs are stained by Nile red and immature CEs
are stained by anti-involucrin (green). (a) A CE from case 1 before SA-PEG
treatment. (b) A CE from case 1 obtained 4 weeks after the SA-PEG treatment.
(c) A CE from case 2 before SA-PEG treatment. (d) A CE from case 2 obtained 4
weeks after the SA-PEG treatment. (e) Time course of the maturation of CEs
from the skin of volunteers (n¼ 14) treated with SA-PEG. The average
percentage of immature CEs to the total number of CEs is plotted.
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involving the function of the stratum corneum as a barrier
to carcinogenesis: impaired function of the stratum corneum
by inadequate cornification, which can be induced by UVB
irradiation, may promote carcinogenesis of the keratinocytes
initiated by p53 mutations. Specifically, a normal stratum
corneum composed of rigid, mature CEs, which has
recovered its barrier function by treatment with SA-PEG after
UV irradiation, may protect keratinocytes from structural
malignant change. A stratum corneum composed of fragile,
immature CEs may not be able to protect keratinocytes from
carcinogenesis.
MATERIALS AND METHODS
Animals and UVB irradiation
This study was approved by the Animal Committee of our institution.
Hairless Skh/hr1 male mice, 6-week-old, were purchased from
Hoshino Laboratory Animals Co. (Saitama, Japan). Each experi-
mental group was composed of three mice. The mice were caged
individually in order to avoid skin damage such as that produced
during fighting. Each animal was irradiated with UVB 3 days a week
for 10 weeks. We used a UV lamp (TOLEX Fl20S, E-30/MDR,
Toshiba Medical Supply, Tokyo, Japan) without a filter (Inomata
et al., 2003). A regimen of progressively increasing UVB exposure
was started with 36 mJ/cm2 per exposure during week 1, and the
UVB exposure was increased by 18 mJ/cm2 after every two
irradiations. The level of UVB energy that irradiated the animal’s
back was measured using a UVB radiometer (UVR-305/365-D (II),
Topcon Co., Tokyo, Japan) and adjusted to 0.3 mW/cm2 by
controlling the distance between the lamps and the animal. The
total energy of the irradiated UVB was 4 J/cm2.
Chemical peeling in animals
The day on which chemical peeling by SA-PEG treatment was
started was set as day 0. At 3 weeks after the completion of
UVB-irradiation, one group of mice were treated with SA-PEG on
day 0, day 7, day 14, and day 21. On each treatment, 0.05–0.1 ml of
30% SA-PEG (pH 1.16) was applied on the back. After 20 minutes,
the skin was thoroughly rinsed with distilled water and gently
wiped dry with cotton gauze. Other groups of mice were not treated
with SA-PEG.
Histological and immunohistochemical studies
Tissue samples of the skin were obtained from the backs of mice 3 or
28 days after the start of serial application of SA-PEG. Samples were
fixed with cold acetone or paraformaldehyde and embedded in
paraffin. The sections were stained with hematoxylin and eosin or
subjected to standard immunohistochemical staining. The anti-
body to mouse filaggrin (AFIII, COVANCE Inc., Princeton, NJ),
loricrin (AF62, COVANCE), or p53 (NCL-p53-CM5p, Novocastra
Laboratories Ltd, Newcastle upon Tyne, UK) was used as the primary
antibody (at 1:1000, 1:500, or 1:300, respectively).
Quantitative evaluation of epidermal thickness and p53
expression in the epidermis
Epidermal thickness was measured at 25 points per specimen and
the average of each animal was evaluated. The immunohistochem-
ical expression of p53 protein in the specimens was evaluated by
two methods. First, the percentage of p53-positive nonbasal cells
was calculated as the ratio of the number of p53-positive nonbasal
cells to the number of all p53-positive cells. Second, the density
of ‘p53-positive basal cells/mm’ was calculated as the number of
p53-positive basal cells per mm of basement membrane excluding
adnexal epithelia.
Human volunteers
Healthy Japanese volunteers (nine females and five males; age range,
41–56 years) provided informed consent prior to the experiment.
This study was approved by the Human Subjects Committee of our
institution.
Chemical peeling in humans
The day on which chemical peeling was performed was set as day 0.
Human volunteers received a single facial application of 1 ml of
30% SA-PEG (pH 1.16). After 5 minutes, the skin was thoroughly
rinsed with water, cooled with cotton gauze that had been soaked in
ice water, and gently wiped dry with cotton gauze.
Preparation and staining of CEs
Before and after chemical peeling, samples of the outermost stratum
corneum were obtained from the volunteers by noninvasive tape
stripping at the following time points: 0, 3, and 12 hours and 1, 2, 3,
and 4 weeks after the application. To minimize serial stripping,
samples of stratum corneum were collected from two different areas
on the cheek. Preparation and staining of CEs were performed as
described previously (Hirao et al., 2001). In brief, the tape-stripped
stratum corneum from the facial skin of the volunteer was cut
into small pieces. Corneocytes were detached from the tape and
disaggregated by boiling in dissociation buffer containing 2%
sodium dodecyl sulfate, 20 mM dithiothreitol, 5 mM ethylenediami-
netetraacetic acid, and 0.1 M Tris-hydrochloride (pH 8.5) for
10 minutes. Then, the corneocytes were washed three times with
the dissociation buffer by centrifugation at 4000 g for 10 minutes.
The corneocytes were treated with the primary antibody, that is,
monoclonal anti-human involucrin (1:100), at 41C overnight,
followed by treatment with fluorescein isothiocyanate-conjugated
anti-mouse Ig (1:100). After extensive washing, Nile red (Sigma,
St Louis, MO) solution (3 mg/ml) was added to the specimen, and the
fluorescence was monitored using a fluorescence microscope.
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